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Description 

[AUTOMATIC THRESHOLD VOLTAGE 

CONTROL CIRCUIT AND SIGNAL 
CONVERTING CIRCUIT AND METHOD 

THEREOF] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 92124839, filed on September 9, 2003. 
Background of Invention 

[0002] Field of the Invention 

[0003] This invention generally relates to a receiving circuit in in- 
tegrated circuits, and more particularly to an automatic 
threshold voltage circuit for digital communication and 
signal converting circuit and method thereof, and more 
particularly for frequency-shift keying (FSK), amplitude- 
shift keying (ASK), and on-off keying (OOK) digital com- 
munication systems. 

[0004] Description of Related Art 



[0005] As technology advances, digital communication becomes 
an indispensable tool for our daily life. Hence, a fast and 
reliable digital communication system such as FSK/ASK 
digital communication system is necessary for business or 
military purpose. In a FSK/ASK digital communication sys- 
tem, the receiving terminal has a comparator to determine 
if the received bit is logic 1 or 0. One of the comparator 
input receives the analog signal; the other input receives a 
threshold voltage. If the voltage of the analog signal is 
higher than the threshold voltage, the comparator will de- 
termine that the received signal is logic 1 (or logic 0). 
Otherwise, the comparator will determine that the re- 
ceived signal is logic 0 (or logic 1). 

[0006] Among conventional methods for generating threshold 
voltage is to use a fixed voltage source as the threshold 
voltage on chip. FIGs. 1A to 1C show the circuit and the 
timing of the signal of a conventional analog-to-digital 
converter where fixed voltage source is provided. Refer- 
ring to FIG. 1A, the threshold voltage V re| _ is supplied by a 
fixed voltage source. The comparator 110 receives the 
analog signal V and compares the analog signal V with 
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the threshold voltage V . As shown in FIG. IB, if V is 
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higher than V , the received analog signal is determined 

REF 



as logic 1 (or logic 0). Otherwise, it is logic 0 (or logic 1). 
Then the comparator outputs V according to the result. 
Ideally, the threshold voltage V is equal to the average 

REF 

value (DC level) of the analog signal V . Practically, how- 

IN 

ever, the DC level of the analog signal changes with fac- 
tors such as temperature, communication ambiance, and 
parameter migration in manufacturing process. FIG. 1C il- 
lustrates the phenomenon, where the analog signal V is 
affected by the above factors so that the DC level of V is 
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higher than threshold voltage V re| _. Therefore, the com- 
parator 110 will possibly output an incorrect V 

out 

[0007] jo eliminate the drawbacks of the conventional design 

with fixed threshold voltage, a filter circuit consisting of a 
resistor and a capacitor (RC filter) was used to filter out 
the AC component of the analog signal to obtain the DC 
level of the analog signal as the threshold voltage. Refer- 
ring to FIG. 2, a conventional analog-to-digital converter 
that automatically controls threshold voltage using a RC 
filter is illustrated. The resistor 230 receives the analog 
signal V and is coupled to the capacitor 220 to output 
the threshold voltage V . The other terminal of the ca- 
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pacitor is coupled to ground. The comparator 210 re- 
ceives and compares the analog signal V with the 



threshold voltage V and outputs V . In this conven- 
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tional circuit, although the threshold voltage is generated 
corresponding to analog signal migration, a large resistor 
and capacitor is required for low-speed analog signal 
transmission. For example, if the data rate of the analog 
signal is 1Kbps, the required RC constant must be larger 
than 1msec; i.e., it requires a 1MQ resistor and a lOOOpF 
capacitor, which occupies a large area on the integrated 
circuit chip. For instance, in a CMOS 0.6um process, it re- 
quires an chip area of 12um x 12um per 1KQ and 20um x 
20um per lpF. Hence, the conventional RC filter is not 
suitable for an integrated circuit. In addition, once the ca- 
pacitance and resistance have been determined and inte- 
grated into the circuit, the RC time constant is no longer 

adjustable. 
Summary of Invention 

[0008] An object of the present invention is to provide an auto- 
matic threshold voltage control circuit and the signal con- 
verting circuit and method thereof to effectively reduce 
the capacitance so as to be easily integrated into the cir- 
cuit. 

[0009] Another object of the present invention is to provide an 
automatic threshold voltage control circuit and the signal 



converting circuit and method applying thereof to reduce 
number of the external devices so that system manufac- 
turing costs down. 

[0010] still another object of the present invention is to provide 
an automatic threshold voltage control circuit and the sig- 
nal converting circuit and method thereof to adjust the RC 
constant by switching the frequency of the clock signal. 

[0011] The present invention provides an automatic threshold 
voltage control circuit, comprising a first capacitor, a 
clock source, and a switching capacitor network. The first 
capacitor comprises a first terminal and a second termi- 
nal, wherein the first terminal is coupled to a first voltage 
level. The clock generator is for generating a plurality of 
clock signals. The switching capacitor network, coupled to 
the second terminal of the first capacitor, receives an ana- 
log signal and the clock signals, stores a portion of 
charges of the analog signal according to one clock sig- 
nal, and outputs the portion of charges according to an- 
other clock signal. , A threshold voltage is thus generated, 
in association with the first capacitor. 

[0012] According to one preferred embodiment of the present 
invention, the switching capacitor network comprises a 
plurality of sensor control switches and a second capaci- 



tor. One of the sensor control switches is controlled by a 
clock signal for switching on/off. The sensor control 
switches are interconnected in series, and receives from 
one terminal of the series-connected structure, whereas 
the other terminal of which couples to the second terminal 
of the first capacitor, so as to output the threshold volt- 
age. In the connected structure, the node between adja- 
cent two sensor control switches is coupled to one termi- 
nal of the second capacitor, and the other terminal of the 
second capacitor is coupled to a second voltage level. The 
foregoing clock signals possess same frequency but dif- 
ferent phases, and none of the clock signals overlaps to 
another. The present invention also applies to FSK, ASK, 
or OOK communication system. 
[0013] The present invention also provides an analog-to-digital 
signal converter circuit comprising a first capacitor, a 
clock generator, a switching capacitor network, and a 
comparator. The clock generator is for generating a plu- 
rality of clock signals, where each clock signal possesses a 
same frequency with different phases. The first capacitor 
comprises a first terminal and a second terminal, where 
the first terminal is coupled to a first voltage level. The 
clock generator generates a plurality of clock signals. The 



switching capacitor network, coupled to the second termi- 
nal of the first capacitor, receives an analog signal and the 
clock signals, stores a portion of charges of the analog 
signal according to one clock signal, and outputs the por- 
tion of charges according to another clock signal. A 
threshold voltage is thus generated, in association with 
the first capacitor, and the comparator compares the 
threshold voltage with the analog signal and outputs a 
digital signal. 

[0014] According to one preferred embodiment of the present 
invention, the switching capacitor network comprises a 
plurality of sensor control switches and a second capaci- 
tor. One of the sensor control switches is controlled by a 
clock signal for switching on/off. , The sensor control 
switches are interconnected in series, and receives from 
one terminal of the series-connected structure, whereas 
the other terminal of which couples to the second terminal 
of the first capacitor, so as to output the threshold volt- 
age. In the connected structure, the node between adja- 
cent two sensor control switches is coupled to one termi- 
nal of the second capacitor, and the other terminal of the 
second capacitor is coupled to a second voltage level. The 
foregoing clock signals possess same frequency but dif- 



ferent phases, and none of the clock signals overlaps to 
another. The present invention also applies to FSK, ASK, 
or OOK communication system. 

[0015] since conventional RC filter occupies a significant chip 

area in an integrated circuit, where the RC constant is nei- 
ther adjustable, the present invention provides an auto- 
matic threshold voltage control circuit to eliminate the 
drawbacks of the conventional RC filter. Since the present 
invention provides a switching capacitor network includ- 
ing a plurality of sensor control switches and capacitors in 
replace of the resistor in the conventional RC filter, it is 
easier to integrate and reduce number of external devices, 
thus hardware cost is cut down. In addition, the RC con- 
stant is adjustable by controlling the frequency of the 
clock signal in this present invention. 

[0016] The above is a brief description of some deficiencies in 
the prior art and advantages of the present invention. 
Other features, advantages and embodiments of the in- 
vention will be apparent to those skilled in the art from 
the following description, accompanying drawings and 

appended claims. 
Brief Description of Drawings 

[0017] piGs. 1A-1C illustrate the circuit and the timing diagrams 



of the signals thereof in a conventional analog-to-digital 
converter. 

[0018] FIG. 2 illustrates the circuit of an analog-to-digital con- 
verter with a conventional RC filter. 

[0019] FIG. 3 illustrates an automatic threshold voltage control 
circuit and the analog-to-digital converter circuit in ac- 
cordance with a preferred embodiment of the present in- 
vention. 
Detailed Description 

[0020] As mentioned above, the conventionally RC filer circuit is 
implemented for automatic threshold voltage control, 
however, the resistor and capacitor occupies a significant 
chip area of IC, integration is not considered in this case. 
External resistor and capacitor can be connected to the IC 
to obtain the same effect, yet device cost is increased. 
Hence, the present invention provides an automatic 
threshold voltage control circuit to eliminate the draw- 
backs of the conventional RC filter circuit. 

[0021] FIG. 3 illustrates an automatic threshold voltage control 
circuit and the analog-to-digital converter circuit thereof 
in accordance with one preferred embodiment in the 
present invention. The circuit of this preferred embodi- 
ment comprises a capacitor CI, a capacitor C2, a sensor 



switcher SI, a sensor switcher S2, and a clock generator 
320. The switching capacitor network 330 receives the 
clock signals from the clock generator to control one of 
the sensor switchers SI and S2 so that only one of SI and 
S2 is off and the other is on. When the sensor switchers SI 
and S2 are on and off alternatively in response to the 
clock signals, the capacitor CI will store a portion of 
charges AQ of the analog signal V when the sensor 
switcher SI is on, wherein 



AQ = C1(V 1N -V^,) 



CD 



[0022] | n this preferred embodiment, the capacitance of CI is 
0.5pF, for example. The average current I flowing 

avg 

through the switching capacitor network 330 is shown as 
follows: 



I, vg =AQ/T = Cl*f(V 1N -V KEt .) 



(2) 



[0023] | n this embodiment, the frequency f is 40KHz, for exam- 
ple. The equivalent resistor R of the switching capacitor 

eff 

network 330 is 



R rfr =(V ra -V REF )/T„ 3 =1/(C1*f) (3) 



[0024] if the clock generator 320 is appropriately adjusted so 

that the clock signal controlling the sensor control switch 
SI and the clock signal controlling the sensor control 
switch S2 possess the same frequency with different 
phases yet not overlapping, the switching capacitor net- 



work 330 associated with the capacitor C2 serves as RC 
filter and manages to generate the threshold voltage V re| _ 
therein. In this embodiment, the capacitor C2 is lOpF, for 
example. Although CI and C2 are coupled to ground at 
one end, it is known for the skill in the art that to couple 
CI and C2 to different voltage levels is within the scope of 
the present invention. 
[0025] | n a preferred embodiment of the present invention, the 
sensor control switches can be implemented with Metal- 
Oxide-Semiconductor Field-Effect Transistors, or MOS- 
FETs, in order to be easily integrated into an IC. The auto- 
matic threshold voltage control circuit of the present in- 
vention can be applied to FSK, ASK, or OOK communica- 
tion system. 

[0026] a signal converting circuit according to another preferred 
embodiment of the present invention will be illustrated as 
follows. This embodiment is substantially similar to the 
previous preferred embodiment, yet that the threshold 
voltage V re| _ is further introduced to a comparator 310. 
Referring to FIG. 3, the switching capacitor network 330 is 
equivalent to a resistor, so that to form a RC filter that is 
associated with the capacitor C2. The comparator 310 re- 
ceives and compares the analog signal V and the thresh- 



old voltage V re| _ to generate the digital signal V . 
[0027] Hence, the present invention provides a signal converting 
method for converting an analog signal to a digital signal. 
Firstly, a first capacitor and a plurality of clock signals are 
provided. A portion of charges of an analog signal is 
stored according to one clock signal, and generates a 
threshold voltage according to another clock signal asso- 
ciated with a first capacitor. Lastly, comparing the analog 
signal with the threshold voltage, and outputs the digital 
signal thereby. 

[0028] The foregoing clock signals comprise a first clock signal 
and a second clock signal, for example. The first and sec- 
ond clock signals have the same frequency but not over- 
lap. The foregoing steps of generating the threshold volt- 
age in the foregoing converting method further comprise 
the steps as follows. Firstly, a second capacitor is pro- 
vided for conducting the analog signal to the second ca- 
pacitor according to the first clock signal. Secondly, stor- 
ing a partial of the charges of the analog signal in the 
second capacitor. Lastly conducting the first capacitor and 
the second capacitor according to the second clock signal, 
thus the threshold voltage is generated based on the por- 
tion of charges associated with the first capacitor. 



[0029] The above description provides a full and complete de- 
scription of the preferred embodiments of the present in- 
vention. Various modifications, alternate construction, and 
equivalent may be made by those skilled in the art without 
changing the scope or spirit of the invention. Accordingly, 
the above description and illustrations should not be con- 
strued as limiting the scope of the invention which is de- 
fined by the following claims. 



